Objective-Sex hormones underlie the lower incidence of cardiovascular disease in premenopausal women. Vascular inflammation is involved in the pathogenesis of several cardiovascular diseases and it has been reported that sex hormones modulate inflammatory responses but mechanisms responsible for these effects are not yet fully established. Herein, we assessed whether sex differences in leukocyte recruitment might exist and investigated the underlying mechanisms involved in this response. Methods and Results-Treatment with interleukin-1␤ (IL-1␤) or tumor necrosis factor-␣ caused leukocyte rolling, adhesion, and emigration in mesenteric postcapillary venules in vivo that was substantially reduced in female mice compared with male mice; this difference was abolished by ovariectomy and partially restored by estrogen replacement. Deletion of endothelial nitric oxide (NO) synthase or cyclooxygenase-1 alone or in combination did not alter the leukocyte recruitment in IL-1␤-treated females but significantly enhanced this response in male mice. Treatment of murine pulmonary endothelial cells with IL-1␤ increased expression of P-selectin in male but not female cells. 
A lower incidence of cardiovascular disease in premenopausal women compared with age-matched male counterparts and postmenopausal women 1, 2 suggests that female sex underlies a protective effect on the cardiovascular system. Indeed, a wealth of evidence from observational and experimental studies, in both animals and humans, supports the concept of a protective effect of ovarian hormones, predominantly estrogens. 3, 4 Understanding the molecular pathways that underlie the beneficial effects of estrogens may, therefore, identify novel strategies that could be taken to harness the therapeutic potential of hormone therapy safely and novel targets to treat cardiovascular disease in both sexes.
A number of targets/pathways/mediators have been proposed to play a role in mediating the beneficial effects of female sex hormones. 3, [5] [6] [7] Of these mechanisms, there is a substantial body of evidence implicating estrogen-induced or estrogen-enhanced activation of the endothelium. 5 Endothelial dysfunction is thought to be instrumental in precipitating the vascular inflammation that is an early and crucial event in the pathogenesis of a number of cardiovascular disorders (eg, atherosclerosis, ischemia/reperfusion injury). 8, 9 In health, the endothelium is critical in maintaining an antiinflammatory, and thereby antiatherogenic, phenotype of the blood vessel wall. 10, 11 This activity has been attributed to its capacity to release factors that not only alter the tone and growth of the underlying smooth muscle but also regulate the reactivity of circulating white cells, erythrocytes, and platelets and govern vascular permeability. The prevailing wisdom currently promotes the thesis that estrogens upregulate the synthesis, release, and activity of protective endothelial factors and thereby sustain the protective phenotype conveyed by the endothelium and underpin the protection of females from cardiovascular disease. 7 A significant proportion of this cytoprotective activity of the endothelium has been attributed to alterations in NO bioavailability by upregulation of synthesis, activity, or both. 5, 12 However, the role of other potentially beneficial endothelial mediators, including prostacyclin (PGI 2 ) and endothelium-derived hyperpolarizing factor (EDHF), has received little attention. There is some evidence, from diverse animal models of inflammation, to suggest the existence of sex hormone-dependent male/female differences in inflam-matory cell recruitment. [13] [14] [15] [16] [17] [18] However, the exact pathways (ie, whether this regulation occurs at the level of the endothelium or at the level of the circulating cell) and the mediators involved are uncertain.
In this study, we demonstrate that reduced expression of P-selectin underlies the attenuated leukocyte recruitment that occurs in female mice in response to acute inflammatory stimuli. Moreover, we demonstrate that although both NO and PGI 2 tonically repress leukocyte recruitment in response to inflammatory stimuli in males, neither mediator has a role in females.
Materials and Methods

Animals
All experiments were conducted according to the Animals (Scientific Procedures) Act 1986 (United Kingdom). The experiments were performed on age-matched (6 to 7 weeks) female and male wild-type (WT; C57BL6, Charles River), endothelial nitric oxide (NO) synthase knockout (eNOS
), 20 and eNOS Ϫ/Ϫ /COX-1 Ϫ/Ϫ double knockout (dKO) mice. 21 All knockout mice were bred in-house. In addition female WT ovariectomized (OVX) and sham-operated control animals were purchased from Charles River. Ovariectomy was performed on sexually immature mice at 4 weeks of age. In 16 OVX mice, Alzet iosmotic pumps (model 1004) were implanted at the time of surgery (Charles River), containing vehicle (polyethylene glycol 400, Sigma-Aldrich) or a replacement dose of estrogen of 0.4 g/day providing physiological levels in mice as previously demonstrated. 22 Experiments were conducted on these animals 2 weeks after surgery. Mice were maintained in a 12-hour light/dark-cycle room with free access to food and water.
Determination of Plasma Estrogen Concentration
Blood was collected into heparin by cardiac puncture from mice anesthetized with isoflurane. Following centrifugation at 14 000 g for 10 minutes at 4°C plasma was collected and estrogen concentration determined according to the manufacturer's instructions using a commercially available enzyme-linked immunoassay (estradiol EIA, Cayman Chemical Co, Inc).
Myeloperoxidase Activity
Mesenteric tissue, collected at 0 minutes, 90 minutes, or 4 hours after interleukin-1␤ (IL-1␤; 5 ng/mouse IP) treatment, was homogenized in 1 mL of 0.5% hexadecyltrimethylammonium bromide in MOPS buffer (10 mmol/L, pH 7). After homogenization, samples were centrifuged at 4000 g for 20 minutes at 4°C, and the supernatant was collected for determination of myeloperoxidase (MPO) levels as previously described. 23 MPO levels are expressed relative to protein content as determined by Bradford assay.
Hematoxylin and Eosin Staining
Whole sections of mesentery were prepared on microscope slides and dried overnight. General structures were identified by staining with hematoxylin and eosin to enable identification of polymorphonuclear and mononuclear cells.
Intravital Microscopy
WT, eNOS
Ϫ/Ϫ , COX-1 Ϫ/Ϫ , and dKO (10 to 15 g) mice received either murine IL-1␤ (5 ng, Peprotech), 24 murine tumor necrosis factor-␣ (TNF-␣; 300 ng, R&D Systems), 25 or saline vehicle IP. After 1.5, 4, or 24 hours, mice were anesthetized with diazepam (6 mg/kg SC) and Hypnorm (0.7 mg/kg fentanyl citrate and 20 mg/kg fluanisone IM), cautery incisions were made along the abdominal region, and the mesenteric vascular bed was exteriorized for intravital microscopy recordings (for full details, see the Supplemental Methods, available online at http://atvb.ahajournals.org). The extent of basal and cytokine-elicited leukocyte rolling was analyzed by counting the number of cells passing a fixed point per minute (cells/min). A leukocyte was considered to be adherent to venular endothelium if it remained stationary for a period of at least 30 s. Adherent cells were expressed as the number per a 100-m length of venule counted over 1 minute.
Air Pouch Model
IL-1␤ was used to induce cell migration (Ͼ90% neutrophils) into the mouse air pouch as previously described. 26 On day 6, 20 ng of murine recombinant IL-1␤ was dissolved in 0.5 mL of 0.5% carboxymethylcellulose and injected into the pouches. Control mice received carboxymethylcellulose alone. In both cases, air pouches were washed 4 hours after administration of the stimulus with 2 mL of phosphatebuffered saline containing heparin (50 U/mL) and EDTA (3 mmol/L), and the samples were collected. These were then centrifuged at 220g for 15 minutes at 4°C, and pellets were resuspended in 2 mL of phosphatebuffered saline containing heparin and EDTA. Polymorphonuclear numbers were estimated by counting after specific staining with Turk's solution using a Neubauer hematocytometer.
Murine Primary Lung Endothelial Cell Culture
Endothelial cells were prepared from lungs of C57BL6 WT mice according to validated and standard techniques 27, 28 (see Supplemental Methods for details).
Flow Cytometry
Whole blood, air pouch supernatants, and murine endothelial cell cultures were collected and subjected to fluorescence-activated cell sorting analysis to assess both cell types and adhesion molecules expressed using a FACSCalibur flow cytometer (Becton Dickinson) using CellQuest software (Becton Dickinson) (see Supplemental Methods for full details).
Real-Time Quantitative Reverse Transcription-Polymerase Chain Reaction
Expression of key neutrophil chemokine mRNA (CXCL1, CXCL2, CXCL5) in mouse mesenteric tissue was determined by real-time quantitative reverse transcription-polymerase chain reaction (see Supplemental Methods for details).
Statistical Analysis
All data are expressed as meanϮSEM. Statistical analyses were performed using GraphPad Prism 5.0 (San Diego) and significance determined using the Student t test for differences between 2 data groups, 1-way ANOVA for more than 2 groups, and 2-way ANOVA for comparison between sexes with and without cytokine treatment followed by Bonferroni post test where appropriate. The n values quoted similarly indicate the number of experiments and animals used.
Results
Sex Differences in Granulocyte Infiltration in Mouse Air-Pouch Model
IL-1␤ caused a significant increase in GR-1-positive ( Figure  1A and 1B) leukocyte recruitment into air pouches of male but not female WT mice, as assessed at the 4-hour time point ( Figure 1C) . In contrast to intact female mice, cell recruitment was significantly raised in response to IL-1␤ in OVX mice ( Figure 1B) .
Plasma estrogen concentration was substantially lower in OVX (28.1Ϯ8.5 pg/mL, nϭ12) compared with shamoperated control mice (46.01Ϯ6.4 pg/mL, nϭ16, PϽ0.05). The remaining measured estrogen likely relates to extragonadal generation due to the activity of aromatase. 29 In addition, uterus weight was significantly decreased in OVX mice (9.4Ϯ5 mg, nϭ22) compared with sham-operated control mice (82.1Ϯ16.5 mg, nϭ21, PϽ0.001). There were no differences in body weight between groups (OVXϭ21.09Ϯ 0.8 g; sham-operated controlϭ20.7Ϯ0.5 g). These results confirm successful surgery in OVX mice. Leukocyte recruitment assessed using intravital microscopy 1.5 hours after administration of TNF-␣ (300 ng IP) and shown as leukocyte rolling (E) and leukocyte adhesion (F) in male (nϭ8) and female (nϭ10) mice. All data shown as meanϮSEM of n mice per group. Statistical significance determined using 2-way ANOVA is shown as *PϽ0.05 for differences between the sexes (in all cases, interaction probability value was not significant), with #PϽ0.05 representing the Bonferroni post test (A and B), the Dunnett post test (D), and the unpaired Student test (E and F).
Leukocyte Rolling Studies
Sex Differences in Leukocyte Rolling
2D). Because the greatest difference in cell rolling between the sexes was evident at 1.5 hours following cytokine treatment (26.9Ϯ7.9 cell/min [nϭ14] in males and 9.7Ϯ1.3
[nϭ9] cells/minute in females, Figure 2A ), this time point was used to investigate the mechanisms involved in the sex differences in further experiments. This sex difference in leukocyte recruitment was also apparent in response to the distinct cytokine TNF-␣ ( Figure 2E and 2F), where both leukocyte rolling and adhesion were significantly lower in female (nϭ8) compared with male (nϭ10) mice. There were no significant differences in venular hemodynamics between the sexes (Table 1) .
Role of Sex Hormones in Sex Differences on Leukocyte Rolling
Although ovariectomy had no effect on basal leukocyte rolling compared with sham-operated animals, IL-1␤-induced leukocyte rolling was significantly increased in OVX mice (2-way ANOVA, PϽ0.01; Figure 3A ). This effect of ovariectomy on the response to IL-1␤ was in part reversed by estrogen replacement ( Figure 3B , nϭ8 for both groups, PϽ0.05).
IL-1␤ Elevates Chemokine Expression in Both Sexes
Quantitative polymerase chain reaction of mesenteric tissue of IL-1␤-treated WT animals revealed increases in mRNA expression, above that measured in saline-treated controls (Figure 4 ), of all 3 of the neutrophil-specific chemokines measured. However, this IL-1␤-induced chemokine elevation was similar in both sexes (2-way ANOVA: not significant; Figure 4 ).
Effect of IL-1␤ on Circulating Blood Cells
IL-1␤ (5 ng IP) provoked a significant rise in the number of circulating granulocytes in male compared with female WT mice. No significant differences in circulating monocyte or lymphocyte numbers were evident between the sexes (Table  2) . Fluorescence-activated cell sorting analysis demonstrated P-selectin glycoprotein ligand-1 on the surface of all cell types measured in both sexes. In addition, L-selectin expression was significantly elevated by cytokine treatment on granulocytes in both sexes. Interestingly, however, the percentage of granulocytes expressing L-selectin under basal conditions was higher in male compared with female mice (Table 3 ).
Sex Differences in P-Selectin Expression on Primary Murine Endothelial Cells
Treatment with IL-1␤ (20 ng/mL; 1.5 hours of treatment) did not stimulate P-selectin expression ( Figure 5A and 5B) in cultures of female primary endothelial cells (94.1Ϯ0.5% purity as identified by positive intercellular adhesion molecule-2 expression; Figure 5C and 5D); in contrast, P-selectin expression was significantly elevated in corresponding male endothelial cells (2-way ANOVA, PϽ0.05: Figure 5B ).
Sex Differences in Basal and IL-1␤-Induced Leukocyte Rolling: Role of Endothelial NOS and COX-1 Enzymes
Basal leukocyte rolling was significantly greater in male compared with female eNOS Ϫ/Ϫ mice (2-way ANOVA, PϽ0.001; Figure 6A ), and although IL-1␤ treatment appeared to cause a minor elevation of leukocyte rolling in both sexes, this did not reach significance ( Figure 6A ). Basal leukocyte rolling in female COX-1 Ϫ/Ϫ mice was similar to male COX-1 Ϫ/Ϫ mice ( Figure 6B) ; however, whereas IL-1␤ caused a profound increase in rolling in males, no such effect was evident in age-matched female COX-1 Ϫ/Ϫ animals (2-way ANOVA, PϽ0.001; Figure 6B ). These effects were, again, unrelated to differences in venular hemodynamics, which did not vary between the groups (Table 1) . 
Sex Differences in IL-1␤-Induced Leukocyte Rolling of dKO Mice
IL-1␤ treatment significantly increased leukocyte rolling in male dKO mice, whereas in female dKO mice, rolling remained at basal levels up to 4 hours after cytokine treatment ( Figure 6C ). Venular hemodynamics were not altered in either genotype or sex in comparison with WT controls (Table 1) .
Discussion
Female sex exerts a permissive influence over inflammatory responses, a phenomenon thought to be driven principally by the activity of female sex hormones and believed to play an important role in underlying the cardioprotection evident in premenopausal females. 3, 4 However, the exact mechanisms involved in this effect are unclear. In this report, we have demonstrated the existence of a sex difference in leukocyte recruitment under inflammatory conditions and implicated female sex hormones in mediating this effect. In addition, we have demonstrated that neither NO or PGI 2 is involved in this effect and propose that EDHF is likely to play a crucial role in mediating this protective phenotype. In addition, our findings suggest that at least one of the potential downstream target(s) for these beneficial effects is P-selectin, a key endothelial cell adhesion molecule involved in the early stages of the inflammatory cell recruitment process. 30 Several studies have demonstrated that sex hormones (particularly estrogen) suppress the leukocyte recruitment that is evident in innate immune responses in experimental models of inflammation using both in vivo and in vitro models. 13,14,16 -18 In accord with these studies, we observed that leukocyte recruitment into murine air pouches following treatment with the cytokine IL-1␤ was reduced in female mice compared with age-matched male WT mice. This effect is likely to reflect a generalized decrease in reactivity of the female microvasculature because the responses to the distinct proinflammatory cytokine TNF-␣ were also suppressed in female compared with male mice. It is possible, however, that these suppressive effects relate specifically to cytokine-induced cell recruitment because it has recently been demonstrated that, in rats, female sex worsens leukocyte recruitment in response to an ischemia/reperfusion insult in the hepatic microcirculation. 31 Our findings also suggest that female sex hormones play a role in mediating this apparent reduced sensitivity to cytokines because ovariectomy of mice resulted in a significant increase in cell recruitment in response to IL-1␤ that was Fold increase Figure 4 . Chemokine gene product levels in mesenteric tissues. mRNA expression of CXCL1 (KC), CXCL2 (MIP2), and CXCL5 (LIX) was assessed using quantitative reverse transcription-polymerase chain reaction of mesenteric tissue from male and female WT mice treated with saline or IL-1␤ (5 ng IP, 1.5 hours). Data (nϭ6 animals per group) are expressed as fold increase above control WT normalized to 18S. All data shown as meanϮSEM. Statistical significance determined using 2-way ANOVA demonstrated no significant differences between the sexes (in all cases, interaction probability value was not significant). 
Villar et al Leukocyte Recruitment and Female Sex
similar in magnitude to the response evident in males.
Previous characterization of this model of inflammation indicates that the cellular infiltrate in response to IL-1␤ at this time point (4 hours) is predominantly neutrophilic, 32 a view in part supported in the present study by fluorescence-activated cell sorting analysis indicating that the cells recruited were granulocytes. Interestingly, although substantial changes in cell number were evident in response to IL-1␤, there were no significant differences in the number of cells recruited in response to the vehicle control, suggesting that sex hormones play an important role in controlling leukocyte recruitment principally under inflammatory conditions. There is considerable evidence suggesting that the beneficial effects of female sex hormones relate predominantly to the activity of estrogen, 7, 33 and to determine whether this hormone may underlie the effects of female sex in the present study, we investigated the effects of estrogen replacement in OVX females. Our data suggest that the sex differences are, in part, likely to be related to a suppressive effect of estrogen, because the effects of ovariectomy were partially inhibited by estrogen replacement. The dose of estrogen used in our studies to replace the levels of this hormone in female mice has previously been shown to restore physiological levels and to exert antiinflammatory effects in mouse models. 22 The incomplete reversal of the effect of the cytokine may indicate that other nonestrogenic influences/factors, such as progesterone, also play a role. Leukocyte recruitment to sites of tissue injury is a dynamic, multistep process involving leukocyte rolling, adhesion, and emigration. 30 To investigate whether the altered cell recruitment evident in the air-pouch studies might be due specifically to a sex-dependent suppression of a specific step in the recruitment paradigm, we used the technique of intravital microscopy. Our findings demonstrate that enhanced leukocyte rolling and adhesion induced by IL-1␤ are suppressed in female WT mice compared with male mice, an effect that was not due to inherent differences in venular hemodynamics. Histological analysis of the mesenteric vasculature confirmed that the cellular target for this effect was the neutrophil, a fact substantiated by measurement of MPO in whole mesentery homogenates.
Our data support the thesis that estrogens exert tight control on the early process of cell recruitment (leukocyte rolling phenomenon), rather than having a generalized effect on all steps of the cell recruitment paradigm, ie, rolling, adhesion, and emigration. This is supported by the fact that although IL-1␤ treatment resulted in an increase in the levels of neutrophil chemokines that we have previously shown to be pivotal in IL-1␤-induced cell adhesion (namely CXCL1, IP) , and the extent of cell rolling was determined 1.5 hours later in male (nϭ6 to 8) and female (nϭ6 to 9) eNOS Ϫ/Ϫ mice (A), 1.5 hours later in male (nϭ6 to 7) and female (nϭ6 to 13) COX-1 Ϫ/Ϫ mice (B), and 0 to 4 hours later in eNOS Ϫ/Ϫ /COX-1 Ϫ/Ϫ (dKO, nϭ5 to 18) mice (C). Data are meanϮSEM. Statistical significance determined using 2-way ANOVA demonstrated a significant difference between the sexes of **PϽ0.001 (A and B) and **PϽ0.01 (C) (in all cases, interaction probability value was not significant), with Bonferroni post tests shown as #PϽ0.05. CXCL2, and CXCL5), 34 no difference between the levels of expression were evident between the sexes. These findings are congruent with observations in healthy volunteers demonstrating no difference in serum levels of CXCL1 35 or other CXC chemokines. 36 Our findings and proposed model are at odds with studies suggesting higher levels of certain CXCL chemokines in the sera of healthy women versus age-matched men 37 at baseline or following an inflammatory stimulus of lipopolysaccharide, 36 and studies demonstrating estrogen-induced suppression of rat vascular CXCL chemokine expression in response to the inflammatory stress of vascular balloon injury in vivo 38 or expression by cultured smooth muscle cells in response to TNF-␣. 39 The reason for this discrepancy is uncertain but may reflect differences in the inflammatory stimulus or the stage at which the inflammatory response was sampled following initiation of the response.
We considered whether the differences in cell recruitment might simply reflect differences in circulating cell numbers. Indeed, our studies demonstrated that although under control conditions there were no significant differences in the circulating numbers of granulocytes, monocytes, or lymphocytes between sexes, following IL-1␤ treatment granulocyte numbers rose significantly in male but not female mice. Supporting these findings are observations that the risk of coronary artery disease is correlated to increasing circulating granulocyte numbers 40 and particularly MPO levels (implicating neutrophils 41 ) in men, an effect that is not evident in women. It is unlikely that the differences in the extent of circulating cells might relate to specific sex differences in the levels of leukocyte adhesion molecule expression because no differences in either L-selectin or PSGL-1, the key leukocyte adhesion molecules involved in neutrophil rolling, 30 were found in our study. Thus, it is likely that the lower numbers of circulating cells, in part, underlie the lower numbers recruited in response to IL-1␤. However, sex differences in the numbers of cells recruited (air-pouch experiments) in response to IL-1␤ persists even after normalization for circulating cell numbers giving values of near 1ϫ10 5 cells for females and 8ϫ10 5 cells for males. This observation suggests that sex differences in cell recruitment pathways likely play a role.
Several studies have demonstrated that the beneficial effects of female sex hormones within the circulation relate to upregulation of pathways at the endothelial cell that are critical in maintaining an antiinflammatory phenotype of the blood vessel wall. 7, 42, 43 Evidence supports the view that estrogens upregulate the synthesis, release, and activity of protective endothelial factors and suppress the expression of pathogenic mediators by the endothelium. 5, 42 NO and PGI 2 have been identified as important targets for estrogen activity 3 ; however, our investigations using mice with targeted disruption of eNOS, COX-1, or both (the principal enzymes involved in endothelial generation of NO and PGI 2 , respectively) demonstrated that neither of these endothelial mediators played a role in mediating the protection against inflammatory cell recruitment in females. In contrast, the loss of either or both of these proteins resulted in substantial increases in leukocyte rolling under basal conditions and following cytokine treatment in male mice. These findings suggest that although both NO and PGI 2 play important roles in sustaining the antiinflammatory phenotype of endothelial cells in male mice, they are redundant in female animals. This profile of reactivity with respect to inflammatory cell recruitment mimics our findings with respect to other differences evident in the vasoprotective effects of endothelial mediators between the sexes. Recently, we proposed that although NO and PGI 2 play essential roles in maintaining a vasodilated microvasculature of male mice, it is predominantly EDHF that subserves this role in female mice. Moreover, that this provision of EDHF is the predominant endothelial-derived vasorelaxant factor that confers protection against hypertension in females. 21 It is possible, therefore, that the differences between the sexes demonstrated in the present study reflect a difference in EDHF bioactivity and support the view that the remit of EDHF extends beyond vasodilatation.
The identity of EDHF remains a hotly disputed issue, with a number of distinct candidates having been proposed 44 since the term EDHF was first coined in 1988. 45 One of the putative EDHF candidates, at least in certain vascular beds, is C-type natriuretic peptide (CNP). 46 Our previous work has demonstrated that exogenous CNP prevents both leukocyte recruitment and platelet aggregation. 47 Thus, it is tempting to speculate that CNP, as an EDHF, may underpin the antileukocyte, antiatherogenic phenotype of the endothelium of females. Further investigation of the role of CNP in leukocyte recruitment and any sex differences that may be apparent is clearly warranted.
Early leukocyte rolling in vivo is mediated by the interaction of endothelial (particularly P-selectin) and leukocyte adhesion molecules (particularly PSGL-1). Our evidence suggests that although alterations in leukocyte adhesion molecules are unlikely to mediate the comparatively lower cell recruitment in females, changes in endothelial adhesion molecule expression might explain this phenomenon. Using primary endothelial cells isolated and cultured from male and female WT mice, we demonstrated that whereas P-selectin expression is increased significantly in response to IL-1␤ treatment of endothelial cells of male mice, expression of this adhesion molecule was largely unchanged following treatment of endothelial cells from female mice. These results support the view that female sex hormones exert protection, at least in part, by modulating expression of P-selectin on endothelial cells during leukocyte rolling. Previous work from our laboratory has demonstrated that the reduction of leukocyte rolling exerted by CNP in mesenteric postcapillary venules is due to a suppression of P-selectin expression, an observation furthering a role for EDHF in the cytoprotective effects of female sex on leukocyte recruitment. A limitation of our findings, however, is that lung endothelial cells rather than cells of mesenteric origin were used to assess the P-selectin response to the cytokine. These cells were used because of the difficulty in obtaining sufficient purity and numbers of cells from the venular side of the mesenteric circulation.
In summary, the present study demonstrates that leukocyte rolling is modulated by female sex hormones in the present of an inflammatory stimulus and that this effect is independent Villar et al Leukocyte Recruitment and Female Sexof both NO and PGI 2 and possibly due to EDHF activity. In turn, we propose that our evidence supports modulation of the expression of P-selectin on endothelial cells by sex hormones to prevent leukocyte rolling, which has downstream consequences for the extent of cell adhesion and emigration. A growing body of evidence suggests that leukocyte recruitment is likely to be pathogenic in atherosclerotic disease. Indeed, circulating neutrophil numbers and levels of neutrophil chemokines 48 are correlated with severity in acute coronary syndromes, as well as being evident in thrombi and at sites of plaque and rupture in patients. 49 -51 In addition, leukocytes have been identified at lesional sites in the early stages of plaque formation, and neutrophil depletion is associated with decreased atherosclerotic load in mouse models of disease. [52] [53] [54] [55] The role of P-selectin in these phenomena is uncertain, especially because genetic deletion of this adhesion molecule appeared to have no impact on the beneficial effects of estradiol treatment on atherosclerosis in a mouse model of disease, 56 whereas vascular cell adhesion molecule-1 has been implicated. 16, 56 However, the possibility that other adhesion molecules might have been upregulated and, therefore, compensated for the absence of P-selectin was not investigated. We suggest that because leukocyte recruitment has been implicated in cardiovascular disease and our findings suggest that leukocyte recruitment is specifically attenuated in inflammation in females, these effects of sex on leukocyte recruitment may play a role in mediating the cardioprotection evident in premenopausal females. 
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